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GASIFICATION COMPONENT COATED alpha phase at an operating temperature of gasification , and 
WITH CHROMIUM COATING AND using the gasification component in gasification with the 
METHOD FOR PROTECTING coating exposed to the gasification environment . 

GASIFICATION COMPONENT BY USING 
CHROMIUM COATING BRIEF DESCRIPTION OF THE DRAWINGS 5 

BACKGROUND The above and other aspects , features , and advantages of 
the present disclosure will become more apparent in light of 

The present disclosure generally relates to gasification the subsequent detailed description when taken in conjunc 
components coated with a protective coating and methods 10 tion with the accompanying drawings in which : 
for protecting gasification components from harsh gasifica- FIG . 1 is a schematic diagram of portions of a gasification 
tion environments by using the protective coating . system . 

Gasification is a process that converts a carbonaceous FIG . 2 is a side plan view of a feed injector as may be used 
material such as coal or biomass into a synthesis gas mixture in the gasification system of FIG . 1 . 
( syngas ) essentially including carbon monoxide and hydro- 15 FIG . 3 is a detailed side cross - sectional view of a left 
gen , which is widely used as a source of hydrogen for section of the feed injector of FIG . 2 . 
hydrogenation reactions and as a source of feed gas for the FIG . 4 shows a phase diagram of a Co - Cr alloy . 
synthesis of hydrocarbons and other compounds . Gasifica- FIG . 5A shows a part of an outer surface of an uncoated 
tion is a complex process , during which the carbonaceous injector outer tip which has serviced for 15 days . 
material is reacted with a controlled amount of oxygen 20 FIG . 5B shows an outer surface of a coated injector outer 
and / or steam in a combustion chamber at a temperature in a tip which has serviced for 37 days . 
range of about 700 ° C. to about 2500 ° C. and at a pressure 
in a range of about 1 to about 300 atmospheres to produce DETAILED DESCRIPTION 
the syngas . As the carbonaceous material usually contains 
various contaminants such as sulfur , the partial combustion 25 Embodiments of the present disclosure will be described 
of the carbonaceous material with oxygen causes an below . Unless defined otherwise , technical and scientific 
extremely harsh environment . The harsh environment sig terms used herein have the same meaning as is commonly 
nificantly limits the life and reliability of gasification com- understood by one of skill in the art to which this invention 
ponents exposed to the combustion chamber . For example , belongs . The terms “ first , ” “ second , " and the like , as used 
as for a feed injector nozzle or burner for use in the 30 herein do not denote any order , quantity , or importance , but 
gasification apparatus for producing the syngas , which are rather are used to distinguish one element from another . 
often formed of an iron , nickel , or cobalt - base superalloy , Also , the terms “ a ” and “ an ” do not denote a limitation of 
abrasive wear , heavy corrosion , and / or thermal fatigue quantity , but rather denote the presence of at least one of the 
cracking may occur at the surface or area subjected to the referenced items . The term “ or ” is meant to be inclusive and 
harsh environment . 35 mean any , some , or all of the listed items . The use of 

Therefore , gasification components often require environ- “ including , " " comprising ” or “ having ” and variations 
mentally protective coatings on the surfaces exposed to the thereof herein are meant to encompass the items listed 
gasification environment due to the severity of their oper- thereafter and equivalents thereof as well as additional 
ating environments . Many attempts have been made in the items . 
past , with varying levels of success , to provide protective 40 Approximating language , as used herein throughout the 
coatings on the surfaces exposed to the gasification envi- specification and claims , may be applied to modify any 
ronment . For example , different coatings may be applied to quantitative representation that could permissibly vary with 
a surface of an injector nozzle which is exposed to the out resulting in a change in the basic function to which it is 
gasification environment for different purposes , for related . Accordingly , a value modified by a term or terms , 
example , for preventing corrosion and / or resist high tem- 45 such as “ about ” and “ substantially ” , are not to be limited to 
perature . However , some coatings have good resistances to the precise value specified . Additionally , when using an 
corrosion by reducing gases but are not so resistant to high expression of “ about a first value a second value , " the 
temperature oxidation , whereas some other coatings have about is intended to modify both values . In at least some 
good resistances to high temperature oxidation but are not so instances , the approximating language may correspond to 
resistant to corrosion by reducing gases . 50 the precision of an instrument for measuring the value . Here , 

Therefore , it is desirable to provide a new coating that and throughout the specification and claims , range limita 
obviates or mitigates the shortcomings of the prior art and tions may be combined and / or interchanged , such ranges are 
successfully protects gasification components from harsh identified and include all the sub - ranges contained therein 
gasification environments . unless context or language indicates otherwise . 

Any numerical values recited herein include all values 
BRIEF DESCRIPTION from the lower value to the upper value in increments of one 

unit provided that there is a separation of at least 2 units 
In one aspect , a gasification component for use in a between any lower value and any higher value . As an 

gasification environment includes a metal - based substrate example , if it is stated that the amount of a component or a 
and a coating deposited on the metal - based substrate . The 60 value of a process variable such as , for example , tempera 
coating includes at least about 51 % by weight of chromium ture , pressure , time and the like is , for example , from 1 to 90 , 
in the alpha phase at an operating temperature of gasifica- it is intended that values such as 15 to 85 , 22 to 68 , 43 to 51 , 
tion . 30 to 32 etc. are expressly enumerated in this specification . 

In another aspect , a method for protecting a gasification For values which are less than one , one unit is considered to 
component from a gasification environment includes coating 65 be 0.0001 , 0.001 , 0.01 or 0.1 as appropriate . These are only 
a surface of the gasification component with a coating examples of what is specifically intended and all possible 
comprising at least about 51 % by weight of chromium in the combinations of numerical values between the lowest value 
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and the highest value enumerated are to be considered to be combined cycle ( “ IGCC " ) power plant , the flow of raw 
expressly stated in this application in a similar manner . syngas 190 may be directed to an acid gas removal system 

Embodiments of the present disclosure relate to protective which removes carbon dioxide , hydrogen sulfide and other 
coating systems suitable for components exposed to a harsh gases from the raw syngas 190 to produce a flow of clean 
gasification environment , as well as gasification components 5 syngas which may be directed to a combustor of a gas 
coated with the protective coating . The coating includes turbine engine . The gasification system 100 may have many 
chromium in the alpha phase , and it has good resistances to other configurations and may include many other types of both high temperature oxidation and corrosion by reducing components for carrying out additional steps in producing gases and is capable of effectively protecting a metal sub and conditioning the flow of clean syngas . strate therebelow from the harsh gasification environment . 10 FIGS . 2-3 show an exemplary feed injector 200 as may be The coating prolongs the life of the gasification component 
by blocking the passage of corrosive species that cause the used in the gasification system 100. The feed injector 200 

may include an upstream portion 202 configured to be failure of the gasification component , and thus the gasifica 
tion component protected by the coating has a prolonged positioned outside of the gasifier 150 and to receive the flow 
service life . of fuel 166 , the flow of air 174 , and the flow of steam 186 
As used herein , the term “ gasification environment ” refers for atomization and mixing . The feed injector 200 also may 

to an environment where gasification of a carbonaceous include a downstream portion 204 configured to be posi 
material such as coal occurs , at a temperature in a range of tioned inside of the gasifier 150 and to deliver the mixture 
about 700 ° C. to about 2500 ° C. , and particularly in a range of the fuel , air / oxygen , and steam to the reaction zone 154 
of about 1200 ° C. to about 1800 ° C. , and at a pressure in a 20 via a tip end 206. The feed injector 200 further may include 
range of about 1 to about 300 atmospheres , and particularly a mounting flange 208 configured for mounting the feed 
in a range of about 10 to about 100 atmospheres . In some injector 200 to the gasifier 150 such that the upstream 
embodiments , the carbonaceous material includes coal , and portion 202 is positioned outside of the gasifier 150 and the 
in some particular embodiments , the carbonaceous material downstream portion 204 is positioned inside of the gasifier 
includes sulfur - containing coal . In some embodiments , par- 25 150 for operation . The mounting flange 208 may define a 
tial combustion of the carbonaceous material with oxygen number of mounting holes 210 therein for connecting the 
during the gasification may cause an extremely harsh gas- mounting flange 208 to the gasifier 150 via a number of 
ification environment including a complex gas mixture bolts , screws , or other fasteners . 
( containing oxygen , hydrogen , carbon monoxide , carbon The feed injector 200 may include a number of tubes 
dioxide , hydrogen sulfide , and etc. ) . 30 arranged in a concentric manner and defining a number of 
The coating is particularly applicable to feed injectors for concentric feed passages therethrough . Specifically , the feed 

use in coal gasification apparatus , and therefore embodi- injector 200 may include three tubes , an outer tube 212 , an 
ments hereinafter will be described in detail by taking such intermediate tube and an inner tube 216 , which define 
a feed injector as an example of the gasification component . an outer feed passage 222 , an intermediate feed passage 224 , 
But it should be understood that gasification components as 35 and an inner feed passage 226 , respectively . As is shown , the 
described herein are not limited to feed injectors , and the outer tube 212 and the outer feed passage 222 may extend 
coating as described herein is also applicable to gasification from the tip end 206 of the feed injector 200 to an outer tube 
components other than feed injectors . The “ gasification coupling 232. In a similar manner , the intermediate tube 214 
component ” may be any metal - based components having at and the intermediate feed passage 224 may extend from the 
least one surface exposed to the gasification environment . 40 tip end 206 of the feed injector 200 to an intermediate tube 
FIG . 1 shows a schematic diagram of portions of a coupling 234. Finally , the inner tube 216 and the inner feed 

gasification system 100. The gasification system 100 may passage 226 may extend from the tip end 206 of the feed 
include a gasifier 150 configured to receive a mixture of fuel , injector 200 to an inner tube coupling 236. The feed injector 
air / oxygen , steam , and possibly other materials to produce 200 may include any number of tubes defining any number 
syngas within a reaction zone 154 defined therein . The 45 of feed passages . 
gasification system 100 also may include a feed injector 158 The feed injector 200 further may include an outer tube 
configured to atomize and mix the fuel , air / oxygen , steam , inlet 242 , an intermediate tube inlet 244 , and an inner tube 
and other possible materials , and to deliver the mixture to inlet 246 attached to the outer tube 212 , the intermediate 
the reaction zone 154 of the gasifier 150 . tube 214 , and the inner tube 216 , respectively , along the 
As is shown , the feed injector 158 may be in communi- 50 upstream portion 202 of the feed injector 200. The outer tube 

cation with a fuel source 162 for receiving a flow of inlet 242 may be configured to direct a first portion of the 
carbonaceous fuel 166 , such as oil , gas , or coal slurry , flow of air 174 into the outer feed passage 222 for passage 
therefrom . The feed injector 158 also may be in communi- therethrough and into the gasifier 150. In some embodi 
cation with an air / oxygen source , such as an air source 170 ments , the outer tube inlet 242 also may be configured to 
for receiving a flow of air 174 , therefrom . In some embodi- 55 direct a portion of the flow of steam 186 into the outer feed 
ments , the feed injector 158 further may be in communica- passage 222. The intermediate tube inlet 244 may be con 
tion with a steam source 182 for receiving a flow of steam figured to direct the flow of fuel 166 into the intermediate 
186 therefrom . As is shown , a tip portion of the feed injector feed passage 224 for passage therethrough and into the 
158 may extend into the reaction zone 154 to deliver the gasifier 150. In some embodiments , the intermediate tube 
mixture of the fuel , air / oxygen , steam , and other possible 60 inlet 244 also may be configured to direct a portion of the 
materials thereto . flow of steam 186 into the intermediate feed passage 224 . 

The gasifier 150 may produce a flow of raw syngas 190 The inner tube inlet 246 may be configured to direct a 
via a partial oxidation process carried out according to one second portion of the flow of air 174 into the inner feed 
of several known techniques . The flow of raw syngas 190 passage 226 for passage therethrough and into the gasifier 
may be directed to a post - processing system for cleaning 65 150. In some embodiments , the inner tube inlet 246 also may 
and / or using the raw syngas 190. For example , when the be configured to direct a portion of the flow of steam 186 
gasification system 100 is used in an integrated gasification into the inner feed passage 226 . 
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As is shown , the bayonet - style tubes of the feed injector Referring to FIG . 4 , a Co Cr phase diagram shows that 
200 each may include a pipe portion and a tip portion at temperatures from about 1200 ° C. ( approximately 2200 ° 
fastened to one another by welding . Specifically , the outer F. ) to about 1800 ° C. ( approximately 3270 ° F. ) , the alpha 
tube 212 may include an outer tube pipe portion 252 and an phase of chromium exists from about 70-100 weight percent 
outer tube tip portion 262 , the intermediate tube 214 may 5 ( wt % ) . In order to obtain an alpha phase chromium coating 
include an intermediate tube pipe portion 254 and an inter applied to a cobalt based superalloy gasification component , 
mediate tube tip portion 264 , and the inner tube 216 may e.g. an outer tube tip portion of a feed inject , at operating 
include an inner tube pipe portion 256 and an inner tube tip temperatures of the component from about 1200 ° C. to about 
portion 266. In this manner , the tip portions of the tubes may 1800 ° C. , the wt % of the chromium in the coating should 

10 be at least 70 % . However , if the operating temperature of the be replaced periodically due to cracking , corrosion , or gasification is controlled at a narrower range , for example , erosion that may occur as discussed herein above during from about 1300 ° C. to about 1400 ° C. , the alpha phase of operation of the feed injector 200. In some embodiments , chromium exists from about 51-100 wt % , and therefore the one or more of the tubes may include one or more centering wt % of the chromium in the coating should be at least 51 % . fins configured to maintain the concentric arrangement of Similarly , as can be known from a Ni Cr phase diagram the tubes and the feed passages . For example , the interme ( not shown ) , the alpha phase of chromium exists from about 
diate tube 214 may include intermediate tube centering fins 78-100 wt % at temperatures from about 1200 ° C. to about 
274 attached to the intermediate tube tip portion 264 , and the 1800 ° C. In order to obtain an alpha phase chromium coating 
inner tube 216 may include inner tube centering fins 276 applied to a nickel based superalloy gasification component , 
attached to the inner tube tip portion 266. The centering fins 20 at operating temperatures of the component from about 
may be attached to the respective tip portion , for example , 1200 ° C. to about 1800 ° C. , the wt % of the chromium in the 
by welding coating should be at least 78 % . 

The feed injector 200 further may include a water cooling In some embodiments , the coating may include at least 
system 280 configured to circulate a flow of cooling water about 51 wt % , or preferably at least about 70 wt % , or more 
about the downstream portion 204 of the feed injector 200. 25 preferably at least about 75 wt % , or more preferably at least 
The water cooling system 280 may include a water cooling about 80 wt % of chromium in the alpha phase at an 
inlet 282 , a water cooling outlet 284 , and a water cooling operating temperature of the gasification . Given the similar 
coil 286. The water cooling coil 286 may be positioned atomic masses of Cr , Co and Ni , the weight percentages of 
about the outer tube 212 near the tip end 206 of the feed chromium may be approximately the same with respective 
injector 200 , as is shown . In this manner , circulation of 30 atomic percentages of chromium . In some embodiments , the 
cooling water through the water cooling coil 286 may operating temperature of the gasification is in a range from 
facilitate cooling of the tip portions of the tubes , particularly about 1200 ° C. to about 1800 ° C. In some particular 
the outer tube tip portion 262 , during operation of the feed embodiments , the operating temperature of the gasification 
injector 200. As is shown , the water cooling coil 286 may be is in a range from about 1300 ° C. to about 1400 ° C. In some 
attached to a water cooling passage 292 defined in a ring 35 embodiments , the coating is at least about 45 um thick . In 
region 294 of the outer tube tip portion 262 , for example , by some particular embodiments , an overall thickness of the 
welding coating is in a range from about 50 um to about 60 um . 

The different parts of the feed injector 200 may be formed In some embodiments , the coating may further include 
of various metals or metal alloys , including but not limited other metals such as aluminum for providing uniformity and 
to metals or alloys including nickel , cobalt or a combination 40 enhance diffusion of the coating . In some embodiments , the 
thereof . For example , the mounting flange 208 may be coating may further include other metals such as Co , Fe , Ti , 
formed of SA182 F11 C12 chromium - molybdenum alloy , Ta , W , Re , Mo , Hf , Si , and Pt , for providing enhanced 
the outer tube pipe portion 252 may be formed of INCONEL oxidation resistance , phase stability , environmental resis 
625 nickel - chromium alloy , the outer tube tip portion 262 tance , and / or sulfidation resistance . The coating may also 
may be formed of HAYNES 188 cobalt - nickel - chromium- 45 contain various other elements and other materials at impu 
tungsten alloy , UMCO 50 cobalt - chromium alloy , or other rity levels , e.g. , less than about 1 % by weight . 
cobalt - based superalloys or nickel - based superalloys , the The coating may be obtained with a slurry composition 
intermediate tube tip portion 264 may be formed of including chromium - based powder by an applicable process . 
HAYNES 188 cobalt - nickel - chromium - tungsten alloy , the In some embodiments , the composition of the chromium 
inner tube tip portion 266 may be formed of HAYNES 188 50 based powder and its amount in the slurry composition may 
cobalt - nickel - chromium - tungsten alloy , and the water cool- depend on the amount of chromium desired for the coating 
ing coil 286 may be formed of INCONEL 625 nickel- on the gasification component . In general , suitable amounts 
chromium alloy . These different parts generally may be of chromium and optionally aluminum in the slurry com 
forged , machined , and then welded together as described position should exceed their respective amounts in the 
herein above . 55 substrate to be protected . The chromium content of the 
As for the feed injector 200 , dominant deterioration slurry composition should be sufficient to compensate for 

factors include abrasive wear of the intermediate tube tip any projected loss of chromium from the gasification com 
portion 264 , and heavy corrosion / oxidation and thermal ponent under expected operating conditions , such as tem 
fatigue cracking of the outer tube tip portion 262. The peratures , temperature / time schedules and cycles , and envi 
coating of the present technology may be applied to an outer 60 ronmental conditions . 
surface of the outer tube tip portion 262 , as well as surfaces As mentioned above , in some embodiments , the wt % of 
of other components similarly subjected to a gasification the chromium in the coating should be at least 51 % at 
environment , in order to protect the outer tube tip portion operating temperatures of the gasification component , and 
262 and other components from corrosion / oxidation and thus the chromium - based powder of the slurry composition 
thermal fatigue cracking . The coating includes chromium in 65 may include about 51-100 % by weight of Cr . Similarly , in 
the alpha phase at an operating temperature of the gasifica- some embodiments , the wt % of the chromium in the coating 
tion . should be at least 70 % , 78 % or 80 % at operating tempera 
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tures of the gasification component , and thus the chromium- erine . ” Glycerol can readily be obtained from fats , i.e. , 
based powder of the slurry composition may respectively glycerides . It is believed that glycerol is especially effective 
include about 70-100 % , 78-100 % or 80-100 % by weight of at passivating aluminum within the slurry . 
Cr . The slurry composition may include Cr powder in the Suitable amounts for the stabilizer in the slurry compo 
Cr ( 0 ) oxidation state , i.e. hexavalent free , and is therefore 5 sition are believed to be in a range of about 0.1 % by weight 
not restricted as is Cr ( VI ) , i.e. hexavalent chromium . The to about 20 % by weight , for example about 0.5 % to about slurry powder particle size distribution may be from about 1 15 % by weight , based on the total weight of the slurry 

composition . The amount of stabilizer will depend on vari Similar to the composition of the coating , the metallic ous factors including the specific type of stabilizer used , its powder of the slurry composition may include aluminum to 10 water - miscibility , the effect of the stabilizer on the viscosity provide uniformity and enhance diffusion of the coating . The 
Al powder particle size distribution may be from about of the slurry composition , the amount of metallic powder in 
10-14 um and may be up to about 10 % , for example about the slurry composition , the particle sizes of the metallic 
1-5 % , by weight of the metallic powder . Other metals such powder , the surface - to - volume ratio of the powder particles , 
as Co , Fe , Ti , Ta , W , Re , Mo , Hf , Si , and Pt may be included 15 the specific technique used to prepare the slurry , and the 
to provide enhanced oxidation resistance , phase stability , presence of any other components in the slurry composition . 
environmental resistance , and / or sulfidation resistance . The For example , if used in sufficient quantities , the stabilizer 
powder may also contain various other elements and other might be capable of preventing or minimizing any undesir 
materials at impurity levels , e.g. , less than about 1 % by able reaction between the metallic powder and any phos 
weight . 20 phoric acid present in the slurry . The organic stabilizer may 

The metallic powder may constitute , by weight , about be present in an amount sufficient to chemically stabilize the 
25 % to about 80 % , more preferably about 30 % to about metallic powder during contact with water or any other 
50 % , of the entire slurry composition . The powder particles aqueous components of the slurry , meaning that slurry 
may be in the form of spherical particles , though other forms remains substantially free of undesirable chemical reactions , 
are possible as well , such as wire , wire mesh , rod , plate , 25 including those that would increase the viscosity and / or 
flake , and fibrous . In addition , the powder particles may be temperature of the composition to unacceptable levels . For 
hollow or porous . The metallic powder can be used in a example , unacceptable increases in temperature or viscosity 
variety of standard sizes . Acceptable sizes for the powder are those which could prevent the slurry composition from 
particles will depend on several factors , such as the alloy of being easily applied to the gasification component , e.g. , by 
the gasification component , the technique by which the 30 spraying . As a very general guideline , compositions deemed 
slurry is to be applied to the gasification component , and the to be unstable are those that exhibit ( e.g. , after a short 
presence and amounts of other potential constituents in the induction period ) a temperature increase of greater than 
slurry . about 10 ° C. within about one minute , or greater than about 
The slurry compositions may include a binder , for 30 ° C. within about ten minutes . In the alternative ( or in 

example , a non - organic binder . One binder that may be used 35 conjunction with a temperature increase ) , these composi 
is colloidal silica . The term " colloidal silica ” is meant to tions may also exhibit unacceptable increases in viscosity 
embrace any dispersion of fine particles of silica in a over a similar time period . 
medium of water or another solvent , with water being The slurry compositions may also contain various other 
preferred such that the slurry composition is a water - based ingredients as well , including compounds known to those 
( aqueous ) system . Dispersions of colloidal silica are avail- 40 involved in slurry preparations . Examples include thicken 
able from various chemical manufacturers in either acidic or ing agents , dispersants , deflocculants , anti - settling agents , 
basic form . Moreover , various shapes of silica particles can anti - foaming agents , plasticizers , emollients , surfactants , 
be used , e.g. , spherical , hollow , porous , rod , plate , flake , or and lubricants . In general , such additives may be used at a 
fibrous , as well as amorphous silica powder . The particles level in the range of about 0.01 % by weight to about 10 % 
may have an average particle size in a range of about 10 45 by weight , based on the weight of the entire slurry compo 
nanometers to about 100 nanometers . Commercial examples sition . 
of colloidal silica are available under the names Ludox® As mentioned above , the slurry composition may be 
from Sigma - Aldrich Co. LLC and Remasol® from REMET aqueous . In other words , it includes a liquid carrier ( e.g. , the 
Corporation , of Utica , N.Y. , USA . medium in which the colloidal silica is employed ) that is 

The amount of colloidal silica present in the composition 50 primarily or entirely water . As used herein , “ aqueous ” refers 
will depend on various factors , for example , the amount of to slurry compositions in which at least about 65 % and 
metallic powder used and the presence ( and amount ) of any preferably at least about 80 % of the volatile components are 
other constituents in the slurry , for example , an organic water . Thus , a limited amount of other liquids may be used 
stabilizer as discussed below . Colloidal silica appears to in admixture with the water . Examples of the other liquids 
function primarily as a very effective binder in the slurry 55 or “ carriers ” include alcohols , for example , lower alcohols 
composition . Processing conditions are also a consideration , with 1-4 carbon atoms in the main chain , such as ethanol . 
for example , how the slurry is formed and applied to the Halogenated hydrocarbon solvents are another example . 
gasification component . The colloidal silica may be present Selection of a particular carrier composition will depend on 
at a level in the range of about 1 % to about 25 % by weight , various factors , such as the evaporation rate required during 
based on silica solids as a percentage of the entire compo- 60 treatment of the gasification component with the slurry , the 
sition . In especially preferred embodiments , the amount is in effect of the carrier on the adhesion of the slurry to the 
the range of about 10 % to about 20 % by weight . gasification component , the solubility of additives and other 

In addition to the metallic powder and colloidal silica , the components in the carrier , the " dispersability " of powders in 
slurry compositions may further include other constituents , the carrier , the carrier's ability to wet the gasification com 
for example wetting agents and metal powder stabilizers . 65 ponent and modify the rheology of the slurry composition , 
One example of a wetting agent and stabilizer is glycerol , as well as handling requirements , cost requirements , and 
C3H5 ( OH ) 3 , sometimes referred to as “ glycerin ” or “ glyc- environmental / safety concerns . 

? 

a 
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A suitable amount of liquid carrier employed is usually specific composition and thickness of the slurry , the desired 
the minimum amount sufficient to keep the solid compo- depth of enhanced chromium concentration and a thickness 
nents of the slurry in suspension . Amounts greater than that of the final coating . Usually the diffusion temperature is 
level may be used to adjust the viscosity of the slurry within the range of about 650 ° C. to about 1100 ° C. ( about 
composition , depending on the technique used to apply the 5 1200 ° F. to about 2010 ° F. ) , for example about 800 ° C. to composition . In general , the liquid carrier will typically about 950 ° C. ( about 1472 ° F. to about 1742 ° F. ) . These constitute about 10 % by weight to about 30 % by weight , for temperatures are also high enough to completely remove ( by example about 20 % by weight , of the entire slurry compo vaporization or pyrolysis ) any organic compounds present , 
sition . It should be noted that the slurry is termed a solid including stabilizers such as glycerol . The diffusion heat in - liquid emulsion . treatment can be carried out by any convenient technique , The use of this slurry composition is especially advanta including heating in a vacuum or inert gas within an oven . geous for forming the protective coating on the gasification 
component formed of superalloy materials , though its appli The time required for the diffusion heat treatment will 
cation to other metal substrates is also within the depend on the factors described above . Generally , the time 
the invention . The term “ superalloy ” is usually intended to 15 will range from about thirty minutes to about eight hours . In 
embrace complex cobalt , nickel , and iron - based alloys that some instances , a graduated heat treatment is desirable . As 
include one or more other elements , such as chromium , a very general example , the temperature could be raised to 
rhenium , aluminum , tungsten , molybdenum , titanium , etc. about 650 ° C. , held there for a period of time , and then 
Superalloys are described in many references , including increased in steps to about 850 ° C. Alternatively , the tem 
U.S. Pat . No. 5,399,313 , which is incorporated herein by 20 perature could initially be raised to a threshold temperature 
reference . such as 650 ° C. and then raised continuously , e.g. , about 1 ° 

The slurry may be applied to a target surface of the C. per minute , to reach a temperature of about 850 ° C. in 
gasification component by a variety of deposition techniques about 200 minutes . 
known in the art . Some examples of the deposition tech- Alternatively , the green coating may be subjected to a 
niques include slip - casting , brush - painting , dipping , spray- 25 pack CVD vapor phase chromium process ( sometimes also 
ing , pouring , rolling , or spin - coating . Spray - coating is one referred to as Cr pack cementation process ) to form the final way to apply the slurry to the gasification component . The coating . Process parameters of temperature , gas flow rate , viscosity of the coating can be readily adjusted for spraying and chromium chloride concentration may be selected to by varying the amount of liquid carrier used . control the deposition rate . The transformation of the green The slurry can be applied as one layer or multiple layers . 30 coating to the final coating by the pack CVD process allows Multiple layers may sometimes be required to deliver the 
desired amount of chromium metal to the gasification com for the use of less aluminum and provides a reduction in the 
ponent . If a series of layers is used , a heat treatment may be porosity of the final coating . A thicker coating , for example 
performed after each layer is deposited to accelerate removal a coating having a thickness of up to about 1.75 mil ( about 
of the volatile components . After the full thickness of the 35 45 um ) , may be produced by the pack CVD process . The 
slurry has been applied , the slurry coating may be allowed pack CVD process is also less sensitive to the slurry powder 
to “ air dry ” before further processing to form the final particle size distribution because of the reduced porosity of 
coating . Alternatively and / or additionally , a heat treatment the coating . The coating also has a metallurgical bond with 
may be carried out to further remove volatile materials , such the substrate of the component or article because it is a 
as the organic solvents and water . An exemplary heating 40 diffusion bond . The coating also provides an alpha chro 
regimen is about five minutes to about two hours at a mium structure which is highly corrosion resistant . 
temperature in the range of about 80 ° C. to about 200 ° C. 
( about 176 ° F. to about 392 ° F. ) . Longer heating times can EXAMPLE 
compensate for lower heating temperatures , and vice versa . 

The uniformly applied slurry coating may also be “ cured ” 45 In this example , a chromium ( Cr ) coating was coated on 
to provide a green coating . For example , the component or an outer tube tip portion ( outer tip ) of a feed injector for use 
article with the applied slurry coating may be heated to about in a gasification system , which is similar to the outer tube tip 
150 ° C. for one hour . Such treatment may be sufficient to portion 262 as shown in FIG . 3 . 
remove volatiles , e.g. water and glycerol , from the slurry A slurry including about 60 % by weight of Cr powder , 
coating 50 about 32 % by weight of colloidal silica ( consisting of about 
The green coating may then be heated to a temperature 23 % by weight of silica and about 77 % by weight of water ) 

sufficient to sinter the slurry coating and diffuse the chro- as a binder , and about 8 % by weight of glycerol ( also called 
mium ( and , if present , aluminum and / or other metallic glycerine ) as a wetting agent and stabilizer , was applied to 
species ) into the near - surface regions of the gasification an outer surface of the outer tip to form a slurry coating 
component and to sinter the green coating into a final 55 having a thickness of about 25 um . The outer tip applied 
coating . As used herein , a “ near - surface region " extends to with the slurry coating was heated to about 150 ° C. for one 
a depth of up to about 200 um into the surface of the hour to cure the slurry coating and remove volatiles , e.g. 
gasification component , typically a depth of about 75 um water and glycerol from the slurry coating . Thereby a green 
and preferably at least 25 um into the surface , and includes coating was formed on the outer surface of the outer tip . The 
both a chromium - enriched region closest to the surface and 60 outer tip with the green coating was subjected to a Cr pack 
an area of interdiffusion immediately below the enriched cementation process in hydrogen ( H ) atmosphere at a 
region . Therefore the metal - based substrate of the gasifica- temperature in a range from about 1050 ° C. to about 1150 ° 
tion component formed with the final coating may have such C. ( about 1900 ° F. to about 2100 ° F. ) . In the Cr pack 
a near - surface region below the final coating . cementation process , the cooling water inlet and outlet on 

Temperatures required for this chromizing step ( i.e. , the 65 the outer tip were masked by a masking material . In this 
diffusion temperature ) will depend on various factors , way , a coating including chromium in the alpha phase was 
including the composition of the gasification component , the formed on the outer surface of the outer tip . 
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Then the coated outer tip was coupled with associated the coating has a thickness of 50 um to 60 um and the 
components and equipment like intermediate and inner tube depth is at least 25 um within the metal - based substrate 
tip portions and water cooling coils , and used in a gasifica to 75 um within the metal - based substrate . 
tion system . 4. The gasification component according to claim 1 , FIG . 5A shows an outer surface of an uncoated injector 5 wherein the coating comprises at least about 70 % by weight outer tip which has been in service for 15 days . FIG . 5B of chromium in the alpha phase at the operating temperature shows the outer surface of the coated injector outer tip which 
has been in service for 37 days . As can be seen from FIGS . of gasification . 
5A and 5B , heavy corrosion , radial and circumferential 5. The gasification component according to claim 1 , 
cracks were found on the outer surface of the uncoated 10 wherein the operating temperature of gasification is in a 
injector outer tip , whereas there is no severe corrosion or range from about 1300 ° C. to about 1400 ° C. 
cracks on the outer surface of the coated injector outer tip . 6. The gasification component according to claim 1 , The coated feed injector outer tip can still be used in the field wherein the coating further comprises aluminum . after 37 days . 

This written description uses examples to describe the 15 7. The gasification component according to claim 1 , 
disclosure , including the best mode , and also to enable any wherein the gasification component is an outer tube tip 
person skilled in the art to practice the disclosure , including portion of a feed injector attachable to a gasifier such that the 
making and using any devices or systems and performing outer tube tip portion is positioned within the gasifier , the 
any incorporated methods . The patentable scope of the feed injector also having an inner tube tip portion and an 
disclosure is defined by the claims , and may include other 20 intermediate tube tip portion between the inner tube tip 
examples that occur to those skilled in the art . Such other portion and the outer tube tip portion , the inner tube tip 
examples are intended to be within the scope of the claims portion and the intermediate tube tip portion being position 
if they have structural elements that do not differ from the able within the gasifier , the feed injector also having a 
literal language of the claims , or if they include equivalent mounting flange for attaching the feed injector to the gasifier 
structural elements with insubstantial differences from the 25 to position the outer tube tip portion , intermediate tube tip literal languages of the claims . portion , and the inner tube tip portion within the gasifier . The invention claimed is : 

1. A gasification component for use in a gasification 8. The gasification component according to claim 1 , 
environment , the component comprising : wherein the gasification component comprises a feed injec 

a metal - based substrate ; and 30 tor of a gasification system . 
a coating deposited on an outer surface of the metal - based 9. The gasification component of claim 1 , wherein the 

substrate , the coating having a thickness of at least 45 gasification component is an outer tube tip portion of a feed 
micrometers ( um ) on the outer surface of the metal- injector of a gasification system . 
based substrate , the coating having at least about 51 % 
by weight chromium at the alpha phase while the 35 outer tube tip portion of the feed injector is positioned within 10. The gasification component of claim 9 , wherein the 
coating is exposed to an operating temperature of a gasifier . gasification , the operating temperature of gasification 
being between 1200 ° C. and 1800 ° C .; and 11. The gasification component of claim 3 , wherein the 

the coating deposited on the outer surface of the metal gasification component is an outer tube tip portion of a feed 
based substrate by : ( a ) applying a slurry comprising at 40 injector positionable in a gasifier of a gasification system . 
least about 51 % by weight of chromium powder in the 12. The gasification component according to claim 1 , 
Cr ( 0 ) oxidation state to the surface to form a slurry wherein the gasification component is an outer tube tip 
coating on the surface , ( b ) curing the slurry coating to portion of a feed injector attachable to a gasifier such that the 
form a green coating , and ( c ) sintering the green outer tube tip portion is positioned within the gasifier , the 
coating , such that chromium of the coating is diffused 45 feed injector also having an inner tube tip portion and an 
into the metal - based substrate from the outer surface to intermediate tube tip portion between the inner tube tip 
at least a depth within the metal - based substrate to form portion and the outer tube tip portion , the inner tube tip 
a chromium - enriched region that extends from the portion and the intermediate tube tip portion being position 
outer surface of the metal - based substrate that the able within the gasifier , the feed injector also having a 
coating covers to the depth within the metal - based 50 mounting flange for attaching the feed injector to the gasifier 
substrate and an area of interdiffusion within the metal- to position the outer tube tip portion , intermediate tube tip 
based substrate that is defined such that the chromium- portion , and the inner tube tip portion within the gasifier ; and 
enriched region is between the outer surface of the wherein the feed injector also includes a water cooling metal - based substrate and the area of interdiffusion , the system configured to circulate a flow of cooling water depth being at least 25 um within the metal - based 55 to cool the outer tube tip portion . 
substrate to no more than 200 um within the metal 
based substrate ; 13. The gasification component according to claim 12 , 

wherein the slurry composition comprises from about 10 % wherein an outer feed passage passes through the outer tube 
to about 30 % by weight of a liquid carrier . tip portion to feed air and / or steam to the gasifier , an 

intermediate feed passage passes through the intermediate 2. The gasification component according to claim 1 , 60 
wherein the metal - based substrate comprises a nickel - based tube tip portion to feed fuel and / or steam into the gasifier , 
alloy , a cobalt - based alloy or a combination thereof . and an inner feed passage passes through the inner tube tip 

3. The gasification component according to claim 1 , portion to feed air and / or steam into the gasifier . 
wherein : 


